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Abstract
This paper presents the controlling of the Induction Motor by using the ‘Field
Oriented Control (FOC)’ method with a PI controller. In addition, the paper describes a
model of three phase Induction Motor in d-q reference frame theory and its computer
simulation in MATLAB/SIMULINK®. The required equations are stated in the paper
itself in d-g model theory.

1 Introduction

The Induction Motor is widely used in so many industries because of its advantages such as,
ruggedness, less requirement of maintenance, low cost & weight compared to the DC motors. It is
difficult to control the induction motor and to have high stating torque like in DC motors. Therefore,
the control of Induction Motor is a critical issue, especially for the applications where variable speed
control is required, like Electric Vehicle.

The Induction Motor control includes many methods. A well-known method Field Oriented

Control is introduced in this paper.
In a variable speed drive, the transient performance of an Induction Motor is considered. The

dynamic preface of Induction Motor in the d-q frame is important for transient performance of
Induction Motor particularly for computer simulation observation in MATLAB/ SIMULINK.

The equations in d-q reference frame theory to develop the IM model in simulink are as follows
(11, [2], [3]-

Three phase voltages supplied to the motor are as follows,

Vast=Vm sin ((Deit) (1)
Vist = Vnsin (0at — 211/3) @)
Veo = Vi Sin (it + 211/3) 3)
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Figure 1: d-g model of IM [1]
Stationary reference frame variables of three phase (Vas, Vs, Vcs) are to be transformed into stationary
reference frame variables of two phase (vsgs, vg4s). This is done by following equations.
Usqs = Vast (4)
US4 = - (U1.73) Vipse + (1/1.73) Vst (5

Then the stationary reference frame variables of two phase (vsys, v5gs) are to be transformed into
synchronously rotating frame variables of two phase (vgs, vgs).

Vgs = USqs COS Bei - VS¢s SIN Bei (6)
Vds = VSgs SN Bej + USg5 COS B (7

Where, oy is the synchronous speed at which the rotating frame rotates and 0, = gt is the angle of
rotating frame with respect to stationary frame.

Now let us represent both stator and rotor circuits (ds—qs: and d-—q-) and their variables in a frame
that is synchronously rotating (d.c— q.: frame). The equations of stator circuit are given as follows.

V3gs = Rt i%gs + (dsgst) /dt (8)
Vsds = Rst isqs + (dlpsdst)/dt (9)

Where, . and Y°qs: are stator flux linkages of g-axis and d-axis respectively. After converting
above equations to synchronously rotating d.i—q.; frame, we get following equations.

Vst = Rat lgs + (dgse)ldt + oeitpast (10)
Vast = Rst ias + (das)/dt - oeithgst (11)
Vrt = Rt ligr + (dpgr)ldt + ocithart (12)
Vare = Rec lar + (dar)/dt - 0ethgn (13)

The rotor actually rotates at a speed of w,;. Therefore the d-q axes, which are fixed on the rotor move
at speed (wei— i) with reference to frame which is synchronously rotating. Therefore in dei — gei
frame, the actual rotor equations are written as follows.

Ve = Retigr + (dipgro)/dt - (@ei — 0ri) Pare (14)
Vdrt = th idr + (dll}drt)/dt - ((Dei - U)ri) ll)qrt (15)

As earlier said, in this paper, the dynamic model of induction motor in state space form is going to be
developed. Therefore, it is necessary to define flux linkage variables and are given as follows
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Fqst = (Dbilpqst (16)
qut = (Dbilpqrt (17)
Fast = 0pilfast (18)
Fare = 0piart (19)

Where, oy = base frequency of the machine. By substituting the relations in stator and rotor
equations, we get the following equations assuming Vg = Vare = 0

Vst = Rst igs + (1/0pi) (AF g5t/ dt) + (0ei/ 0bi) Fast (20)
Vast = Rst fas + (Vwpi) (dF ast/dt) — (0ei/@pi) Fost (21)
0= Ryt igr + (Lopi) (AF grddt) + {(ei —®yi)] ©bi} Fare (22)
0= Ryt iar + (1/0pi) (dFarddt) — {(wei —0yi) @pi}Fgre (23)

Torque produced by motor is found by

Tei = (3/2) (p/2) (Lopi) (Fast igs - Fqst lds) (24)
Once the torque is found, the speed of the motor can be calculated by the equation,
Tei =T+ (2/p) ] (doyildt) (25)

Based on all these equations the model of Induction Motor can be developed in simulink.
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Figure 2: Simulink model of IM

2 Field Oriented Control for ‘Induction Motor’

‘Field Oriented Control (FOC)’ includes control of the stator currents of motor, assigned by
vectors with a d-q frame system in a reference frame, which is rotating.

The main aim of this method is to maintain the stator field and rotor field perpendicular to each
other to produce the maximum torque. So that it is possible to control, directly and separately, the
Induction Motor’s torque and flux. ‘Induction Motor Field oriented controlled” drive obtains every
advantage of DC machines. For accurate transient and steady-state responses, the instantaneous
control of individual quantities is done [4], [5].

There are two types of FOC method [4].

216



Analysis of Field Oriented Control Strategy for Induction Motor ~ Ujash Vachhani and Ashish Patel

2.1 Direct FOC (DFOC)

Flux vector, in this method is to be measured by mounting a sensor in the air-gap, which senses

the flux. Because of a sensor, the construction of motor becomes complex. So it is not widely used.

2.2 Indirect FOC (IFOC)

In this method the flux vector of the rotor is estimated by using the FOC equations.

The block diagram of FOC strategy is as shown.
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Figure 3: Block diagram of FOC [4]

2.3 Algorithm of FOC

The algorithm of FOC is summarized as described below [4].

1.

2.

The iy, iy and i stator currents are measured. If two values i, & i, are first measured than i. can
be easily calculated from the balanced current equation i,+ip+i.=0.

All these three phase measured currents than to be transformed into two axis frame which
provides two variables those are i, and ig in rotating two axis from the measured i, i, and ic
which is known famously as ‘Clarke Transformation’.

Magnitude of rotor flux and the orientation of it is to be calculated.

By using the transformation angle, which is calculated at the last iteration, the i, and iz are
converted in the stationary two axis components iy and i; which is known as ‘Park
Transformation’.

By using the flux reference and its estimated flux value, the flux error signal is calculated than
a P1 controller is used for the calculation of iy and i*q is to be generated by using the reference
value of torque and the estimated value of flux.

iy and i’y are then to be converted into a set of currents of three phase to produce i g and i, i’
and i ..

i"a i i ¢ are compared with i, iy, ic by using hysteresis comparator in order to generate gate
signals for the inverter.

Now from the above diagrams the simulink model for FOC can be developed in simulink which is
shown below.
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Figure 4: Simulation model of FOC

3 Simulation Results
3.1 At No-load
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Figure 5: Speed Figure 6: Torque

Fig.5 and fig.6 shows the speed and torque responses. At time 0.421 seconds speed is 100 rpm and
after that it remains at 100 rpm. Simultaneously the torque is oscillating between the values of +80
Nm and -40 Nm up to the speed of 100 rpm and after that it remains at zero. From this figures we can
say that IM quickly attain the speed of 100 rpm with a stable torque condition.

3.2 At T =20Nm

Fig.7 and fig.8 shows the speed and torque responses. At time 0.44 seconds speed is 100 rpm and
after that it remains at 100 rpm. Simultaneously the torque is oscillating between the values of +80
Nm and -40 Nm up to the speed of 100 rpm and after that it remains at 20 Nm.
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Figure 7: Speed Figure 8: Torque

From the above results, we can observe the speed waveform and torque waveform (at zero).
However, at load torque TL= 20 Nm, the steady state time of the speed increases slightly and same is
happening with torque waveform which is at 20 Nm.

4 Conclusion

The Induction Motor drive system, which is based on Field Oriented Control, is developed in this
paper. By using FOC scheme with induction motor, high starting torque can be obtained like in DC
motor. The benefits of FOC are that all the advantages of DC motor can be obtained in FOC-induction
motor drive, with the default advantages of IM over DC motor, which makes the induction motor the
most suitable drive for the applications where variable speed operations are necessary with fast
response.
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